This study investigates recent changes in Korean intonation where an Accentual Phraseinitial [il] syllable is produced with a High tone by some speakers, introducing an exception to the model of intonational phonology of Seoul Korean (Jun 1993 (Jun , 2006a 
Introduction
The intonational structure of Standard (Seoul) Korean is proposed to have three prosodic units larger than a word. From the highest to the lowest are an Intonational Phrase (IP), an Intermediate Phrase (ip), and an Accentual Phrase (AP), similar to languages such as Japanese (Beckman & Pierrehumbert 1986 , Pierrehumbert & Beckman 1988 , French (Jun & Fougeron 1995 , 2000 , 2002 , Bengali (Khan 2008 (Khan , 2014 , Georgian (Vicenik & Jun 2014) , and Mongolian (Karlsson, 2014) . However, what is unique to Korean is that the tonal pattern of an AP is influenced by the laryngeal feature of the AP-initial segment (Jun 1993 (Jun , 1998 . Specifically, when the segment has either [+spread glottis] or [+constricted glottis] (i.e., is an aspirated or tense consonant, /s/, or /h/; Halle & Stevens 1971 , Lombardi 1991 , the AP begins with a High tone.
1 Otherwise (i.e., the segment is either a lenis consonant, a sonorant consonant, or a vowel), the AP begins with a Low tone.
2 Segmental effects on f0, i.e., microprosody, has been well attested over various languages (e.g., Gandour 1974 , Hombert 1978 , Hombert et al. 1979 , Silverman 1986 , Kohler 1982 , Kingston & Diehl 1994 in such a way that the f0 at vowel onset is higher after a voiceless consonant but is lower after a voiced or breathy consonant. Such microprosodic effects are known to occur during the transition between segments, lasting for about 20-40ms after the vowel onset. However, in Korean, the segmental effects 1 Korean has a three way laryngeal contrast in stops and affricates: aspirated (i.e., /p h , t h , k h , tʃ h /), tense (i.e., /p*, t*, k*, tʃ*, s*/), and lenis (/p, t, k, tʃ/). Among the fricatives (/s, s*, h/), the dental fricatives have a two-way laryngeal contrast, i.e., /s/ vs, /s*/. Here, /s/ patterns with a lenis consonant in segmental phonological processes, but, together with /h/, it patterns with an aspirated consonant in the intonational phonology. This is likely due to the fact that /s/ in Korean is phonetically aspirated (Cho, Jun, & Ladefoged 2002) . 2 Exceptions to this tone-segment mapping are few, with only 5.7% of AP-initial tones violating it in an analysis of radio interview data (Kim 2004). associated with more than one type of boundary tone (i.e., AP-and ip-boundary tones, or AP-, ip-, and IP-boundary tones), the tone of a higher prosodic unit overrides that of a lower prosodic unit. Therefore, an AP-final syllable is realized as a L tone, i.e., carrying a L% IP boundary tone, when the AP is the last AP of an IP marking the end of a declarative sentence.
(1) Intonational model of Seoul Korean (Jun 1993 (Jun , 2006a (Jun , 2011 Since the AP begins with a Low tone when its initial segment is a vowel, it is predicted that APs beginning with a vowel /i/ would begin with a Low tone. However, as first reported by Jun & Cha (2011) , some Seoul speakers show a tendency to produce a High tone on a particular syllable-namely [il] , when it is AP-initial-even when it is not related to focus or emphasis. This High-on- [il] phenomenon, which represents an exception to the intonational pattern of Seoul Korean, was first noticed by the first author in 1995, while recording a few female Seoul speakers in their early 20s reading a list of Korean sentences including the digit (e.g., 1, 2, 3) before each sentence. The speakers produced high pitch on [il] 'digit 1' when it occurred AP initially (e.g., '1' in a multidigit number '21' was produced with high pitch when it was read as [isip]# [il] ; [isip] '20', [il] '1', # = AP boundary). Since then, this phenomenon seem to have spread to other lexical items beginning with the [il] syllable, and indeed this diffusion has occurred in a wider speech community, as shown in Jun & Cha (2011) .
In Jun & Cha (2011) , we examined data from 40 speakers of the Seoul dialect living in Los Angeles, California (8 speakers (4 males and 4 females) each in their 20s, 30s, early 40s, late 40s, and 50s) and 11 speakers of the Seoul dialect living in Seoul, Korea (4 speakers in 20s, 2 speakers in early 40s, 3 speakers in late 40s, and 2 speakers in 50s). We also examined speech from 26 speakers of the Chonnam dialect of Korean (spoken in Southwestern South Korea, especially from the city of Gwangju (265km south of Seoul); 10 speakers were in their 20s, 6 speakers in 30s, 2 speakers in early 40s, 4 speakers in late 40s, and 4 speakers in their 50s phenomenon.
In this paper, we present such a study. The current state of the High-on- [il] phenomenon is examined in the speech of eighty speakers of the Seoul dialect residing in 1984-1990), 30s (born in 1973-1982) , early 40s (born in 1968-1972), late 40s (born in 1963-1967) , and 50s (born in 1952-1962) . The 40s age group was further divided into two groups as in Jun & Cha (2011) because it was predicted that the phenomenon might have been initiated by people in their early 40s. Table 1 shows the mean and standard deviation of the participants' age in each Gender and Age group.
Almost all the subjects were above average in terms of education level (college or graduate students or graduated from college or postgraduate school) and socioeconomic status. There were 17 /i/-initial words, 2 /ilk/-initial words, and 2 /ilh/-initial words. These 21 target sentences were randomized with 18 filler sentences and added after the Stimuli Set 1. The final script therefore included 219 sentences.
Procedures
Speakers were told to read each sentence naturally two times at normal speed, and were familiarized with a script containing 219 sentences before recording. Each sentence was displayed in the middle of a Power Point presentation slide, and speakers pressed a key on the keyboard when they were ready to read the next sentence. Readings were directly recorded to a laptop computer at 22 kHz Sampling Rate using Praat (Boersma & Weenink 2011) . The mean recording time was 12 minutes, ranging from 9 min. 12 sec. to 14 min. 19 sec. The mean and range of recording times were similar across age and gender groups, suggesting similar speech rates across speakers in each group.
The location of the 145 target syllables in an Accentual Phrase (i.e., AP-initial or medial) and the tone of the target syllable were transcribed for each speaker (145 x 80 speakers = 11,600 target syllables) following the K-ToBI conventions (Jun 2000) . The transcription was done first by the second author and confirmed by the first author independently (there were only 28 cases where the tonal category was changed by the first author; those were either due to an error in the typing made by the second author or 9 The second consonant of a complex coda /lk/ is resyllabified as an onset of the following syllable if that syllable has no onset. The second consonant of a complex coda /lh/ is not realized when followed by an onsetless syllable (and the /l/ becomes a flap between vowels) but, when followed by a lenis consonant onset, it makes the lenis consonant to be aspirated (e.g., /ilh.ko.na.sʌ/ -> [il.k h o.na.sʌ] 'after losing' an ambiguous token). Since the target sentences were designed in such a way that the target syllable was produced AP initially (e.g., the target syllable was word-initial and the word was located after a topic/subject word or a sentential adverb) or AP-medially (i.e., the target syllable was word-medial), almost all target sentences were produced in the intended prosodic phrasing by all speakers, and both authors fully agreed in labeling accentual phrasing. The tonal category (i.e., H or L) of the target syllable was labeled based on the labeler's perception and by reference to pitch tracks and spectrograms; the f0 value of the target syllable's midpoint was also collected for each word using a Praat script. 
Results
The results reported in this section are all from the Stimuli Set 1 because, for the Stimuli 
Realization of 'High [il]'
The target syllable [il] was produced either as a Low tone or a High tone when it was the first syllable of an AP. An example pitch track of each type is shown in Figure 1 Table 2 shows the fixed-effects factors of the linear mixed effects regression model of f0 built for males and females separately. Each model contained the three level "tone category" factor as fixed effect. Random effects included intercepts for subject and sentence, and a by-subject random slope for tone category. P-values were corrected for multiple comparisons using the mcp function in the multComp package (Hothorn et al. Jun (1993 Jun ( , 1998 Jun ( , 2006a Jun ( , 2011 , the AP-medial [il] was
2015) of R statistics (R Development
High when it was the second syllable of an AP which is longer than 3 syllables (i.e., LHLHa); it was Low when it was the penultimate syllable of an AP longer than 4 syllables (i.e., LHLHa); it was either Low or High or in the transition between Low on the AP-initial syllable and High on the AP-final syllable when it was the second syllable of a three-syllable AP (i.e., LLHa, LHHa, or LHa). In all these cases, however, the APmedial High tone was never as high as the High tone in the AP-initial position, which is the realization rule of an AP in the intonational phonology of Seoul Korean (Jun & Oh 1996 , Lee 1999 , Jun 2000 . As can be seen in Figure 1 Other number words beginning with a sonorant or a lenis stop (e.g., /opʌn/ 'No.
5', /kupʌn/ 'No. 9', /isipitɨŋ/ '22 nd in rank') all showed a Low tone on their first syllable when they were AP-initial, as predicted from the intonation model of Seoul Korean. That is, a High tone on [il] in AP-initial position is not a prosody of marking a number word. Statistical analysis was performed in R (R Development Core Team, 2010) . The probability of a High [il] response in the stimulus set 1 was modeled using mixed effects logistic regression (Pinheiro & Bates 2000; Baayen, Davidson, & Bates, 2008) implemented by the lme4 package (Bates, Maechler, Bolker, and Walker, 2014 ). The logistic model included Age as a fixed-effect predictor and Speaker and Sentence as random effects. There was a significant main effect of Age (chi-square= 80.62, df=4, p < 0.001), and a post-hoc Tukey contrasts test using a glmer function (see Table 3 ) showed, firstly, that the younger Age groups (i.e., the 20s, 30s, and early 40s) did not differ from each other. Secondly, the Age groups Late 40s and 50s, which did not differ from each other, were significantly different from the three other, younger Age groups. Jun & Cha (2011) but the magnitude of the High-on-il usage was much higher in that study (around 65%, based on only two speakers) than the current study.
Age Group

Four meanings of [il]
The High-on- We also found that, for speakers younger than 40s, if a High tone was produced on [il] meaning 'No. 1', it was very likely that a High tone was also produced on the 'digit 1' meaning in multi-digit number phrases (e.g., 21, 31, 101) when it was AP-initial.
However, for speakers in their early 40s, this was not the main pattern; there were speakers who produced High on the digit 1 most of the time but rarely produced High on
[il] meaning 'No. 1' (as well as other meanings). In addition, as shown in Table 4 
Gender and the Length of AP
As the High-on-[il] phenomenon is found more often among younger speakers, it appears to be a new "trend" in the speech of Seoul Koreans. Following the cross-linguistic tendency that females lead sound change, we expected female speakers to show the phenomenon more often than male speakers (Labov 1990) and this was what we found.
However, as shown in Figure 5 , females did not always produce H-on-[il] more often than males in all Age groups. In the 20s Age group, the opposite pattern was found. The same lack of consistent gender effects across Age groups was found in Jun & Cha (2011) for Seoul speakers living in Los Angeles. [il] in both 30s and early 40s age groups. The significant interaction in the model was driven by the difference between males and females in their 20s with each of these other two age groups (the difference between males and females were statistically equivalent for the 30s and early 40s age groups). We also found that the High-on-[il] phenomena is influenced by the length of the AP, and was more common in shorter APs than longer ones. The effect of AP size was significant (Ch-square=23.52, df=2, p<.0001). Figure 6 shows the percentage of High-on-
[il] meaning 'No. 1', when the AP was 3, 4, or 5 syllables long, averaged across speakers in their 20s, 30s, and early 40s. Since glottalization during a vowel can be measured by the harmonic and noise components during voicing even when there is no visible glottal stop preceding a vowel (Gordon & Ladefoged 2001 , Garellek 2012 , 2013 , Garelleck & Keating 2011 , Kuang 2013 , Khan 2012 , several acoustic measurements of voice quality were obtained using VoiceSauce (Shue et al. 2011 ) during the first quarter (roughly 30ms) of the syllable [il] for the two tonal categories. The measures chosen were H1*-H2* (the difference in energy between the first and the second harmonics; '*' indicates that a harmonic amplitude has been corrected for the influence of formant frequencies and bandwidths, using the algorithm by Iseli, Shue, & Alwan, 2007) , H1*-A1*, H1*-A2*, A1*-A3* (the difference between the first harmonic and the first, second, third formants, respectively), and HNR (the harmonic to noise ratio below 500Hz). These were chosen because they have been shown to distinguish modal phonation from breathy and creaky phonation (Garellek 2012 
Voice quality
Discussion and Conclusion
Possible Motivations of High-on-il
We have shown that the High-on- '1'.) It is quite plausible that producing high pitch on [il] would enhance the perceptual difference between the two digits, either when the digit is produced in isolation or when it is followed by a syllable representing a unit (e.g., /pʌn/ 'number (a unit of digit)' as in
).
In addition, the fact that speakers in their early 40s use a High tone on digit 1 at a much higher rate (about 66%, see Table 4 This could be explained by the cultural emphasis on being 'number one', i.e., 'the best' or 'the first', in the highly competitive society of Korea. That is, by adding a high tone on
[il], the meaning of 'the best' might be emphasized. This is so because one of the main prosodic realizations of focus in Korean is to expand the pitch range of the focused word (Jun & Lee 1998 
High-on-[il] and VOT merger
The next question is whether this sound change of High-toned [il] is an isolated one. The special linguistic behavior of people born around 1970s and later can also be observed in another sound change underway in Korean. Recent studies have found that people born around that time are responsible for the merger of Voice Onset Time (VOT) between lenis and aspirated stops (Silva 2006 , Wright 2007 , Kang and Guion 2008 , Kong, Beckman, and Edwards 2011 , Oh 2011 , Kang 2014 . As mentioned earlier, Korean has a three-way laryngeal contrast in obstruents: lenis, aspirated, and tense. This three-way contrast is maintained by various acoustic cues, a primary one being the duration of VOT. Aspirated stops have long VOT, lenis stops have moderately long VOT, and tense stops have zero to very short VOT. However, the VOT became shorter for aspirated stops and longer for lenis stops, causing them to overlap. As can be seen in Figure 7 (taken from Silva 2006, Fig.2) where the difference in VOT (in ms) between aspirated and lenis stops is shown against subjects' year of birth, the sound change in VOT seems to be carried by those who were born around 1970 and later. That is, the VOT difference is around 30ms or more for those who were born in the 1960s, but it became 10ms or smaller (a negative value means that VOT is longer for lenis stops than aspirated stops) for people born around 1970 and later. 
High-on-[il] and Glottalization
The pitch distinction made for the three-way stop contrast is also related to laryngeal phenomenon will become a social marker of Seoul speech, and more research may find further sound change related to this phenomenon.
The findings from the current study suggest that an intonational tone can change to enhance a distinction in lexical meaning even if it violates the phonological pattern of the language. This may be possible in Korean because the tonal characteristics of an AP are not distinctive, i.e., they do not convey the kind of pragmatic meanings that are encoded in English pitch accents (Pierrehumbert & Hirschberg 1990 , Jun 2005 . That is, the H versus L opposition in the Korean AP represents the surface f0 contour, but it does not reflect a lexical item's status in the discourse. The findings also suggest that changing the pitch to a high level increases perceptual salience of the syllable or the word, mimicking the prosodic mechanism of marking semantic focus or pragmatic emphasis.
Cross-linguistically, it has been found that an expanded pitch range or High tone is used to mark narrow focus, in addition to longer duration or increased amplitude (Jun 2014) .
So, in languages where a delayed rising tone (= f0 minimum on or just before the stressed syllable and f0 peak on the following syllable, i.e., L*+H in the ToBI style notation (Jun & Fletcher 2014) ) is the default pitch accent in a sentence (e.g., Spanish, Greek), narrow focus is often marked by aligning the f0 peak with the stressed vowel (i.e., L+H*). This illustrates that a High tone has a special function linguistically, i.e., it marks semantic salience. Furthermore, a High tone may also have a special function sociolinguisically by delivering the meaning of something important. Further study is needed to confirm the interpretations proposed in the paper and to find equivalent function of a High tone in other languages.
